Measurements of cosmic-ray (CR) positron fraction by PAMELA and other experiments have found an excess above 10 GeV relative to the standard predictions for secondary production in the interstellar medium (ISM). Although the excess has been mostly suggested to arise from some primary sources of positrons (such as pulsars and or annihilating dark matter particles), the almost constant flux ratio of e + /p argues for an alternative possibility that the excess positrons and antiprotons up to the highest energies are secondary products generated in hadronic interactions. Recently, Yang & Aharonian (2019) revisit this possibility by assuming the presence of an additional population of CR nuclei sources. Here we examine this secondary product scenario using the DRAGON code, where the radiative loss of positrons is taken into account consistently. We confirm that the CR proton spectrum and the antiproton data can be explained by assuming the presence of an additional population of CR sources. However, the corresponding positron spectrum deviates from the measured data significantly above 100 GeV due to the strong radiative cooling. This suggests that, although hadronic interactions can explain the antiproton data, the corresponding secondary positron flux is still not enough to account for the AMS data. Hence contribution from some primary positron sources, such as pulsars or dark matter, is non-negligible.
INTRODUCTION
Inelastic interactions of primary cosmic rays (CRs) with the interstellar medium are expected to produce secondary positrons and anti-protons with quite soft spectra. Unexpected spectra excess of positrons and antiprotons relative to the standard prediction has been detected at energies exceeding E 10 GeV by PAMELA (Adriani et al. 2009; Ackermann et al. 2012) , the Alpha Magnetic Spectrometer(AMS-02) (Kounine 2015; Aguilar et al. 2019 ) and other experiments. The most popular model for the positron excess is that it arises from some primary sources of positrons such as pulsars (e.g., (Hooper et al. 2009; Yin et al. 2013; Profumo 2012; Joshi, & Razzaque 2017) ), or annihilating dark matter particles (e.g., (Cholis, & Hooper 2013; Yin et al. 2009) ). However, measurements on the positron and antiproton flux by AMS-02 have revealed that the flux ratio e + /p keeps an almost constant value of ≃ 2 in the energy range of 30-300 GeV, coincident with the expected ratio of e + /p produced as secondary particles from hadronic interactions of cosmic ray (CR) protons (Lipari 2017 (Lipari , 2019 . Motivated by this coincidence, it is suggested that the excesses of positrons and antiprotons may result also from hadronic interactions (Lipari 2017 (Lipari , 2019 Katz et al. 2010; Blum et al. 2013) . To explain the positron excess, Lipari (2017 Lipari ( , 2019 assume an energy independent diffusion coefficient and negligible energy losses up to the maximum energy observed (around TeV). Recently, suggest that an additional population of primary CR nuclei sources beside the normal population of sources might 1 School of Astronomy and Space Science, Nanjing University, Nanjing 210093, China; ryliu@nju.edu.cn; xywang@nju.edu.cn 2 Key laboratory of Modern Astronomy and Astrophysics (Nanjing University), Ministry of Education, Nanjing 210093, China have produced the excess secondary particles through the CR hadronic interactions.
However, positrons would suffer from efficient radiative loss in magnetic field and interstellar radiation field (ISRF) during their propagation in the interstellar medium (ISM), while anti-protons do not. Thus, the e + /p ratio in the propagated CR spectrum may not remain ≃ 2 at high energy as it does in the spectrum at generation. Recently, AMS-02 has released the latest measurement of CR positron data. The new measurement not only increases the statistics by a factor of three, but also extends the spectrum up to an unprecedentedly high energy, 1 TeV, and reveals a marked dropoff at the high-energy end (Aguilar et al. 2019 ). In the secondary origin model, one would naively expect a dropoff due to stronger radiative cooling for higher energy positrons. However, the exact position of the steepening due to radiative cooling depends on specific physical conditions, such as the magnetic fields in the galactic halo and the residence time of positrons. The precise measurement of AMS-02 on the positron spectrum motivates us to conduct a critical study of whether the new positron data can be explained simultaneously with the antiproton data in the framework of the secondary origin model assuming the presence of an additional population of primary CR sources.
Two classes of the additional population sources of the primary CRs (i.e., the cosmic-ray accelerators) have been suggested. One is that a single nearby supernova remnant (SNR) accelerates cosmic ray protons, which interact with a presumed dense gas cloud and produce secondary positrons and antiprotons (e.g., Fujita et al. (2009); Liu et al. (2017) ). This model has limitations on the age and the distance of the source, i.e., the age of the SN should be around 10 5 yr and the distance should be ∼ 100 pc. However, evidence from deposition of 60 Fe in the deep ocean crust suggests a SN occurred 2 Myr ago (Benítez et al. 2002; Ellis et al. 1996; Fry et al. 2015; Knie et al. 1999) , much older than the age required. The other one assumes a continuously distributed source population to produce secondary positrons and antiprotons . With less constraints on the sources compared to the former model, the idea proposed by seems to be more attractive and reasonable. Hence, we do not consider the single SNR scenario, but look into the latter scenario in which more free parameters are introduced for the second CR source population, providing a favourable condition for the reproduction of the excesses in the positron and antiproton spectra. The open code DRAGON 3 (Di Bernardo et al. 2010 Bernardo et al. , 2013 Evoli et al. 2017 ) is introduced to solve the propagations of CRs and the production of secondary particles.
The paper is organized as follows. In §2, we first attempt to explain the CR proton data measured by DAMPE and other experiments using the DRAGON code. In §3, we calculate the secondary particle flux using DRAGON and compared the results with the corresponding data. We present discussions in §4.
MODEL

Fitting the proton spectrum
CRs spread in the galaxy through diffusive propagation after being injected from sources. In this work, we use DRAGON code to numerically solve the diffusive transport equation. The detailed description of DRAGON can be found in (Evoli et al. 2008 ) and the DRAGON website 4 . With this code, CR nuclei and lepton propagation in the Galaxy can be successfully calculated. In our calculations, the halo is treated as a cylinder, with its radius R max = 12 kpc. Its half thickness, L, is adopted as 4 kpc. The diffusion coefficient D is considered to be spatial independent and described as
where β is the CR speed in the unit of speed of light and ρ is the rigidity.
Positrons and antiprotons are produced as secondaries by the hadronic interactions of the primary CRs (mainly protons). We start from the phenomenological fitting to the primary CR proton spectrum below 100 TeV that is relevant for our study. Based on the data of AMS-02 (Aguilar et al. 2014 ) and DAMPE , we divide the proton spectrum into two components. The first one is the conventional background cosmic-ray component (dubbed as the component 1), with the form of a single power law. The initial injection spectrum can be described as
Recent observations reveal that the proton spectrum hardens at around 200 GeV (Yoon et al. 2011; An et al. 2019 ) and softens at E ≃ 10 4 GeV . The hardening of the proton spectrum requires a second, 3 https://github.com/cosmicrays/DRAGON 4 http://dragon.hepforge.org/. hard component, which could originate from some extra sources (dubbed as the component 2), such as young massive stars (Bykov et al. 2013; Aharonian et al. 2019) .
We find that the initial injection spectrum of this second component can be written by a broken power law,
The respective contributions to proton flux from these two populations and the sum of them are shown in Fig. 1 , confronting with the measurement of AMS-02, DAMPE and ARGO experiments (Aguilar et al. 2014; An et al. 2019; Amenomori et al. 2011) . The adopted parameters are listed in Table 1. 2.2. Calculation for the secondary particle flux During the propagation in the galaxy, primary CRs injected by two populations would interact with ISM and produce secondary particles. With DRAGON code, we can obtain these secondary CR fluxes when calculating the proton spectra simultaneously. Since these secondary particles are produced through hadronic interactions with ISM, we dub them as ISM-component 1 and ISM-component 2, respectively.
In , the leaky box model is used to calculate the secondary particle flux. They find that the secondary particles from the interaction between primary CRs and ISM (ISM-component 1 and ISM-component 2) are not enough to explain the antiproton data. To solve this problem, an extra grammage X s inside the second sources is introduced to produce additional antiparticles.
During the propagation of CRs, the magnetic field would scatter these particles in random motion with characteristic velocities relative to the Alfvèn speed (v A ), which causes a diffusion in momentum and results in a second-order Fermi acceleration. This effect is named as "reacceleration". Reacceleration can be taken into account in the DRAGON code, but not in the leaky box model. We find that the extra grammage is not needed any more Table 1 Model parameter values for the propagation and the magnetic field used in the DRAGON code. In our calculation, we use the spatial distribution of two source populations provided by Ferrière (2001) , the gas distribution provided by Strong et al. (2004) , and the geometry of the galaxy magnetic field provided by Pshirkov et al. (2011) . A 1 and A 2 are the normalization fluxes of ISM-component 1 and ISM-component 2 at 100 GeV, respectively (in unit of GeV −1 · m −2 · s −1 · sr −1 ). when reacceleration is taken into account. This is because that when considering reacceleration, a smaller δ can be adopted to fit the B/C ratio. With a smaller δ, the secondary particle spectrum becomes harder, which leads to more anti-protons produced by primary protons during the propagation in the ISM. On the premise of fitting both the proton flux and the antiproton flux, the simultaneously obtained positron flux, however, significantly deviates from the AMS-02 data, as will be discussed in the next section.
RESULTS
The resultant B/C ratio, antiproton flux and positron flux are shown in Fig. 2 . The models and parameters we used are listed in Table 1 . The spatial distributions for two source components are considered to be the same.
The B/C ratios of two source components are shown in Fig. 2(a) . Since the B/C ratio only depends on the grammage during the propagation through the ISM rather than the injection spectrum, the B/C ratios of ISMcomponent 1 and ISM-component 2 are the same and the two curves in the plot overlap with each other. Contributions to antiparticles from the ISM-component 1 and the ISM-component 2 are shown by the red and blue lines, respectively. Our results show that the antiproton data can be well explained by the sum of two components (Fig. 2(b) ). Hence, the assumption of extra grammage introduced by Yang & Aharonian (2019) is not needed.
For high-energy positrons, the radiative cooling due to the synchrotron radiation and inverse Compton scattering is important. As shown by the black solid line in Fig. 2(c) , the fluxes drop dramatically starting from ∼ 10 GeV. To illustrate the importance of cooling effect on positrons, we also show the case without considering the cooling, denoted by the black dashed line in Fig. 2(c) . Without considering any energy losses, the e + /p ratio is around 2, consistent with theoretical expectation (Lipari 2017 (Lipari , 2019 . Since there are uncertainties in the strength of the magnetic field and the interstellar radiation field (ISRF), we also consider an extreme case for illustration, where only the cooling due to CMB photons are taken into account (see the black dashed-dotted line). In this case, the cooling timescale of positrons, τ cooling ≃ E/Ė ≃ 3.7 × 10 15 s, is comparable to the escaping timescale at 10 GeV, τ esc ∼ L 2 /D ≃ 2.5×10 15 s, whereĖ is calculated using the equations in Hooper et al. (2017) . This can explain why the positron flux deviates significantly from the data at several tens of GeV. As a result, we conclude the secondary positron flux from the hadronic interactions is insufficient to account for the AMS-02 positron data when the spectrum of accompanying antiprotons is tuned to match the data.
DISCUSSIONS AND CONCLUSIONS
In summary, by using the DRAGON code, we have shown that the CR proton data can be explained by two population of sources and the hadronic interaction of these CR protons with ISM can explain the antiproton data. However, the secondary positron flux produced in this hadronic interaction model is insufficient to explain the measured data. This is due to the severe radiative energy losses of high-energy positrons, which demonstrates that some primary sources of positrons, such as dark matters and pulsars (e.g., Aharonian et al. 1995; Atoyan et al. 1995; Hooper et al. 2009; Fang et al. 2019) , are needed at higher energies to account for the additional positron fluxes.
We find that the extra grammage introduced by Yang & Aharonian (2019) is not needed when the diffusive reacceleration is considered in the code. There has been suggestion that diffusive reacceleration is helpful in explaining the B/C ratio at low energy, given that 50% of the total CR power is provided by reacceleration (Drury, & Strong 2017) . However, whether the reacceleration really occurs at the required level is unknown (e.g., Gabici et al. (2019) ), and further studies are needed to determine the contributions of reacceleration to the total CR power. On the other hand, the presence of reacceleration or not does not change our conclusion about the secondary positron flux. As long as the antiproton flux is explained, the positron flux is insufficient to account for the AMS-02 data due to the radiative cooling. 
